When high-rise buildings are subjected to intense earthquake ground motions, deformation concentrates into a restricted lower part of a building frame in the process of collapse even though it is designed in accordance with the strong-column-weak-beam concept. This paper examines the mechanisms behind the deformation concentration based on the modal decomposition of displacement increment using the tangent stiffness matrix. An improved criterion is proposed for predicting the deformation concentration region based on the presented mechanism. Furthermore, this paper studies the influence of large rotation and column yielding on dynamic collapse, which were neglected in the above examination. When high-rise buildings are subjected to intense earthquake ground motions, deformation concentrates into a restricted lower part of a building frame in the process of collapse even though it is designed in accordance with the strong-column-weak-beam concept. This paper examines the mechanisms behind the deformation concentration based on the modal decomposition of displacement increment using the tangent stiffness matrix. An improved criterion is proposed for predicting the deformation concentration region based on the presented mechanism. Furthermore, this paper studies the influence of large rotation and column yielding on dynamic collapse, which were neglected in the above examination.
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(3 1)(3 2) (3 1)(3 1) (3 1) (3 ) (3 2)1 (3 2)2 (3 2)3 (3 2)(3 2) (3 2)(3 1) (3 2)(3 ) (3 2)1 (3 2)2 (3 2)3 (3 2)(3 2) (3 2)(3 1) (3 2)(3 ) and Tagawa (1996 and Tagawa ( , 1998 pointed out a new type of dynamic instability, called deformation concentration phenomena, wherein deformation concentrates in lower several stories when high-rise buildings are subjected to intense ground motions. Based on static stability theory, they proposed criteria for predicting the height of deformation concentration region. This paper examines the mechanisms behind the deformation concentration into lower stories of a building frame based on modal decomposition of displacement increment using the tangent stiffness matrix. An improved criterion is proposed for predicting the height of the deformation concentration region based on the presented mechanism. Furthermore, this paper studies the influence of large rotation and column yielding on dynamic collapse, which were neglected in the above examination of deformation concentration mechanism.
In Section 2, an analytical model is explained. The 30 story frame model is designed based on the strong-column-weak-beam concept as shown in Figure 1 and Table 1 .
In Section 3, the mechanism of deformation concentration phenomena is scrutinized. To examine the mechanism of the deformation concentration phenomena, modal decomposition of displacement increment is performed using the tangent stiffness matrix, wherein both material and geometric nonlinearities are taken into account. The plastic region is increased from the 1st story one by one, and each time eigenvalue analysis is performed using each tangent stiffness matrix. Examples of the results are shown in Figure 3 . When the plastic region increases at a certain height, unloading takes place in upper portion of the plastic region as shown in Figure 3 (b), which prohibits plastic region to increase above the point. This is the mechanism for the deformation concentration phenomena.
In Section 4, we propose a modified criterion for predicting the height of the deformation concentration region. In the previous studies, the deformation concentration region was predicted as the height of an equivalent frame at which it buckles by its self-weight.
The equivalent frame was defined using the tangent stiffness of plastic hinges. The boundary condition of the column of the equivalent frame was given as simple support. We propose a modified boundary condition, wherein both the horizontal displacement and the rotation angle are constrained at the top of the column. This boundary condition corresponds to the fact that at the top of the deformation concentration region, neutral loading takes place at the beam ends while moment becomes zero at the top column end.
In Section 5, time history response analyses are performed to examine the validity of the proposed mechanism and the improved criterion. First, time history analysis of free vibration under initial velocity is performed in Section 5.2. In Figure 8 (j), modal decomposition of displacement increment is shown. In the beginning, plastic region reached almost the entire frame. Next, unloading takes place at the upper portion of the plastic region as the 1st mode grew. In Section 5.3, to compare the previous and new criteria, time history analysis is performed for cyclic ground motions. The condition for suppression of deformation concentration derived from the new criterion predicts the response much more accurate than the previous criterion. In Section 5.4, the influence of large rotation and column yielding is investigated. The response was almost the same until the maximum story drift angles reach about 0.2 radian. When the deformation exceeds this limit, geometrically exact analysis provided lower response prediction. Column yielding took place at the height of about a half height of the deformation concentration region. After the column yielding, collapse mechanism is formed whose height is about a half of the deformation concentration region. 
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